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ABSTRACT:

Magnetic field effect on CaCQ precipitation is the key parameter in evaluating he effectiveness of
Magnetic Water Treatment (MWT). The purpose of this study was to investigate magnetic fields
influence on CaCQ precipitation in static and dynamic (circulation flow) fluid system using carbonized
aqueous solutions. The observation results in statfluid system showed the decrease of precipited C&®;
in magnetized solutions compared to those in non-rgaetic solution with their pH of 6.4 — 8. On the dter
hand, in dynamic fluid system, it was found that mgnetic treatment increased CaCQ precipitation,
depending on pH solution, flow rate and circulationtime. The results suggest that the effects of magtic
on static and dynamic systems may occur in differéarphenomena. In Static fluid system, magnetic field
strengthens hydrate structure in magnetized ions, hich reduce precipitation process. However, in
dynamic fluid system, Lorentz force and magneto-hywdynamic effect on charged ions or particles
played important role in increasing CaCQ; precipitation.
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1. INTRODUCTION

Scale formation on pipe walls and heat exchang@aetent is a serious problem encountered in almost
all water processes. Typical scale deposits areposad of minerals that become less soluble witheasing
temperature. Calcium carbonate is the most commepogit. Scale deposits usually form hard-to-remove-
linings, which reduce water flow capacities. Whhayt build up on the heat exchanger surfaces, haasfer
efficiency is reduced because of their low theromdductivity.
Scale formation in hard water as Ca{{Pecipitation process is an equilibrium and slowingcess. Increase of
pH due to CQrelease in solution will push precipitation of CCas follow :

Cd" + 2HCQ 5 COyuq+ CaCQe+ H,0 @)

Anti-scale water treatment using chemical methcosnges the solution chemistry and can be very
expensive. The chemical methods for water conditgprre economically and ecologically visible espldg
under conditions of high circulation flow rates flarge plants such as thermal power plants. In sother
areas, such as food and beverage industries dergill areas, there are strict requirements faemaguality.

Magnetic water treatment (MWT) is a method, wharpplied or circulated water is simply exposed to
a magnetic field. This method has a long and ceetdal history but is reported to have been eiffecin
numerous instances. Its main effect is to eithduce scale deposit or remove existing scale orym®a softer
and less tenacious scale [1]. The mechanism lsustilear, although MWT has been practically usadover
half a century. According to the review paper ok&aand Judd [2], the efficiency of this treatmenstill a
controversial question and clear explanation of gienomenon does not exist yet. In the same time,
conclusions drawn on the basis of laboratory weksetimes are opposite to each other [3], [2]. Wstdading
how the magnetic field of relatively low densitigecisely modifies the precipitation of low maguoetiinerals
such as CaCgis still being developed.

Two mechanisms have been developed to addressetiadield effects on calcium carbonate
precipitation in static fluid system, viz., (1) &eatt effect on dissolved ions and (2) a magnetiecé on
particles [4]. They called the first mechanism emit mechanisth Examples of ionic response to a magnetic
field have been reported by Higashitani [&ho investigated the characteristics of calciumboaate
precipitation and it was found that the nucleatimincalcium carbonate was suppressed. Higashitani [6
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hypothesizes that weak bounds of water moleculéls the CQ” anion are quasi-stabilized and structured by
the magnetic exposure, so that they inhibit theipiation rate of CaCgcrystals.

We call the second mechanism, which involves thgmetic effect on existing CaG@articles present
in water, asparticle mechanismWang [7], using turbidity measurements, obseraef@dster precipitation of
calcium carbonate in the presence of a magnetid &iEup to 8000 Gauss under quiescent conditi@m tim
non-magnetic treatment.

Dynamic fluid system is most commercial magnegwides for scale control system, where treated

water flows through a perpendicular magnetic fieldheoretically, in addition to the ionic and paeic
mechanism effect in static fluid system, Lorentcés effectan occur in dynamic fluid. Lorentz force acts on
every electrical charged particle, when it is mgvihrough the applied magnetic field. Kozic saidtthorentz
force effect on collision probability of dispersedrticles causes essential local shifts of ions garticles in
electric double layer, which can affect the aggtiegaand crystallization processes [1]. While ie game time,
a conducting fluid flows through the magnetic fiedth electric field is generated also accordingrdaoaday’'s
law and produces a potential difference that caisea current to flow in the fluid according to Okfaw. The
presence of the induced current in the fluid ardapplied magnetic field, in turn, produce a medatariorce
on the fluid known as a ponderomotive force. Tloicé flattens the profile which can ultimately rikso the
formation of a boundary layer near the walls. Fdiomaof this boundary layer results in a largeroodly
gradient and can trigger Cag@recipitation. This effect is calledagneto-hydrodynamic effect [8].

The present study was designed to test and eeahath static and dynamic fluid systems under
magnetic field by examining the amount of CaQ@ecipitation in solution.

2. EXPERIMENTAL
2.1 Hard Water Preparation

In order to avoid any side effect by foreign iooarbonized aqueous solutions, (water containifg on
Ce*, CO; % and HCQ ions) was used. It was prepared by dissolving OcBng reagent grade CaG@n de-
ionized water, by bubbling carbon dioxide duringdirs according to:

COyag+ CaCQ+ HO = C&" + 2HCQ )

The solution was filtered and has produced + 458 pprdness as CaGOrhis hardness can be considered as
moderate by comparison with the values used by naaiyors [9], [6], [7], [10]. The pH of solutiongeiting
from this preparation was about 6.4. Then, the a@@ided aqueous solutions were displaced towardsrsup
saturation by adjusting the pH between 6.4 andv@!bwas added 1 M NaOH solution.

2.2. Magnetic Water Treatment

The experiment consists of two parts. The firgt pathe experiment used the static fluid systém.
this method, for each run a magnetic field of aegiflux density for a given period of time were eged to
carbonized agueous solutions magnetization in i@a¢tibe under quiescent condition. Static magniéic
was produced by a pair of neodymium permanent madned to an aluminum frame with the N/S poles 15
mm apart. An average magnetic flux density (B) 40@ Gauss was produced, as measured at the cétiber o
two poles with a Hall probe (Hirst GM 04).

The second part of experiment used dynamic flygdesn. 400 mL oftte sample solution is filled into
a glass container, to the outflow of which a siicmbe is attached. The tube leads through a l&drgra
peristaltic pump (Master flex L/%), employed to generate fluid flow at variable floates (range ca. 0.12 - 22
ml/sec), then through the treatment area of the syséamh back to the container, thus forming a closed,
recirculation dynamic fluid system. dddymium permanent magne¢snployed to generate homogeneous
Magnetic field.It consisted of a series of pairs of permanent raegwith north and south poles facing each
other, which associated alternately. A Silicon g2 m of total length and 0.7 cm with internalrd&ter was
used. An average magnetic of 5200 Gauss has beelngad at the gap between the poles in magnetizatio
area.The temperature of the solution in magnetizatioocpss was not controlled, and equal to the ambient
temperature of the surrounding®( room temperature, 28 — 29). Fig. 1shows a simplified schematic of the
experimental treatment system used in the preseviek

2.3 Precipitation test

20 ml of the solutions, which were put in pre@gibn glass reaction tubes (15 mm (OD) x 140 mm
(H)) right after the completion of magnetic expasuooth in static and dynamic fluid systenThe C&"
concentration in the precipitation tube was analyag EDTA complexometry (accuraey0.05 mg as CaC{
and amount of ions Gaconsumed in solution as a measure of Ca@@cipitation.
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Fig. 1. $hematic of the experimental treatments system

3. RESULTS

The Results will be addressed into the followingtiems, i.e. given in two sections that is magnetization in
static fluid system and magnetization in dynamiddfisystem. The effects of circulating time, pHd dlow rate
on CaCQ precipitation process will also be discussed.

3.1 Magnetization in static fluid system

Magnetization and precipitation processes have lbeaducted in the same tube for 180 minutes at
room temperature. Fig. 2 shows the characterigific€aCQ precipitation at varied pH solution under a
magnetic field. The CaC{precipitation under magnetic treatment is loweteth that non-magnetic treatment
within the range of pH 6.4 — 8. On the other hdradontrary result occurs in pH 8.5.
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Fig. 2. Percent CaGQrecipitation of magnetic and non-magnetic treatts i@t various pH of solution during
180 minute precipitation and magnetization procegsstatic fluid system.

It is widely known that the pH of CaG@olution influences the saturation and preciptaif CaCQ
in the solution. Fathi [11] have found that theusation level of 500 ppm CaGQolution at pH 7.5 is 15 times
than its solubility.

In the CaC@suspension, the CaG@ompound might be found as dissolve Ca@i@. C&*, CHOy,
CO32') as well as CaCgyarticles in the suspension. Table 1 shows thiefraction of CaCQ as ionic solution
and as particles in initial precipitation. IncreasipH of solution will enhance the fraction of CaQgarticles.
The ionic content in the solution within pH rangeass from 6.4 to 8 are 100 to 77.2 % in which ionic
mechanism effect is predominant in CaC@ecipitation under magnetic field. This effectuees CaC@®
precipitation as shown in Fig. 2. The Ca{sarticle content in the solution of pH 8.5 was8% in which that
the particle mechanism effect is predominant in Gafrecipitation under magnetic field. This effeatri@ases
CaCQ precipitation as shown in Fig. 2.

Table. 1. Mol percent of CaG@t various pH of solution at initial CaG@recipitation

pH solution| CaCe@as ionic solution CaCQ as particle
(% mol) (% mol)
6.4 100 0
7.5 93.0 6.9
8.0 77.3 22.7
8.5 65.2 33.8

3.2 Magnetization in dynamic fluid system

This section addresses the effects of circulatiore, flow rate, and pH of solution in the CagO
precipitation process. Initial Precipitation hapgerin circulation process (dynamic precipitationy gurther
the precipitation occurred in precipitation tub&a(s precipitation). The results of the effecteafch variable
processes will be presented in the following sestio

3.2.1 Circulation time

Circulation time has a relation to magnetizatiometin which and the magnetization time will incsea
by longer of circulation time. Magnetization timE,j] is duration in which sample is exposed to magrfétid,
which is a function of Circulation time (T cross sectional area of pipe (A), volume sanfg)le magnet length
(Im) - The correlation has been formulated as follfiig:

AL,T.
T,= ——° 3)
\V

Fig. 3 shows that the CaGQrecipitation increases with the increased citbmtatime both in
magnetic and non-magnetic treatments. Collisiorb@bdity of ions or particles increases with inged the
circulation time hence raising CagQ@recipitation. Magnetic treatment shows that Ca@@ecipitation is
higher than that non-magnetic treatment. The difiee of effect of two treatments is the table tefras the
increase percentage of Cag@ecipitation (See Table 2). The table shows thatincrease percentage for 10,
20, 30 minute of circulation time are 100, 79.1d &6.7 % respectively. This result indicates thaigmetic
treatment has significant effect especially inighitirculation.
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Fig. 3. Percent CaCprecipitation of magnetic treatment (M) and nongmetic treatment (NM) at various
circulation times during 180 minute precipitatiaogess at flow rate 0.93 I/min.

Table 2 Also illustrates that the Increase perggntat 180 minute precipitation for 10, 20, 30 ménaff
circulation time are 23.5, 30 and 40 % respectivdlge precipitation was a combination of circulatio
precipitation in pipe and static precipitation ibé reaction. Circulation precipitation will lead huclei or
particles formations, while static precipitatioroprotes the crystal growth. The result supportsidhentz and
magneto-hydrodynamic effect theories that magriegid increases the ions or particles collisionsCaCQ
solution in the dynamic fluid system.

Table 2. CaC@precipitation treatments at various circulationds in 180 minute precipitation processes.

CaCQ precipitation (% mol)
Circulation time Precipitation time
10 min 20 min 30 min at 180 min
Magnetic
treatment (M) 23 6.3 11.8 23.5
Non-magnetic
treatment (NM) 11 3.5 7.1 30.0
Increase percentage
100 x (M — NM)/NM 100 79.1 66.7 40.0

3.2.2 Flow rate

Fig. 4 show the effect of flow rate in Cag@recipitation on magnetic and non magnetic treatmeCaCQ@
precipitation increases with increasing flow raféis is due to the collision probability of ions particles
increases with increased circulation time hencsingi CaCQ precipitation. Magnetic treatment has always
gives effect of higher CaG(precipitation than non-magnetic treatment forflallv rate curves as illustrated in
Fig. 4.
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Fig. 4. Percent CaCprecipitation of magnetic treatment (M) and nongmetic treatment (NM) at various
flow rates during 30 minute circulation time andX8inute precipitation processes.

Table 3 show that increasing flow rate enhancetfeet of magnetic treatment which indicates bging the
increase percentage. Cag@ecipitation under the magnetic treatment in@eag to 59.1 % compared to that
non-magnetic treatment at the flow rate 1.33 I/mihe same trend also happens in 180 minute pratipit
The velocity of flow (u) is a function of flow /& (Q) and pipe cross-sectional area (A), whicimidated as
follows:

u= Q/A (4)

Table 3. Percent CaGQrecipitation at various flow rates during 30 ntegirculation time and 180 minute
precipitation processes.

CaCQ precipitation (% mol)

Circulating time at 30 min Precipitation time ali@in
0.44 l/min | 0.931l/min| 1.331/min| 0.44 |/min 0.9&in | 1.33I/min
{\:l:aﬂgfélr(l:t (M) 3.2 8.8 12.5 16.5 29.8 40.2
t'?'g:{r;n:r?t"g\m) 2.4 5.9 8.1 12.9 22.6 25.3
'lnocéexa(s,a Ee,{lﬁ)r}f\la&e 33.3 49.2 54.3 27.3 31.6 50.1

Lorentz force (F) which occurs on ions or chargadiples when they move through the applied magrfiid
is a function of charge (e), velocity of ion or fiee (u), and magnetic density (B) as follows:

F=zex uxB (5)
Kozic [1] argues that Lorentz force has significant effea ion or particle shift in electric double layer
(localized shift) which promotes of ions or pasiglcollision reactions.
Magneto-hydrodynamic effect or pendoromotive for@gpear as a result of the existence of electnireat in
conducting fluid flow such as CaGGsolution through magnetic field. Bush [8] said tththe force is
proportional to flow velocity and magnetic densifyis force flattens the profile of fluid flow whiccauses
high shear force near the wall of the pipe andjgrg CaC@precipitation.
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Fig. 5 and Table 4 support the Lorentz force effecti magneto-hydrodynamic effect theory on CaCO
precipitation under magnetic field in dynamic flagstem.

3.2.3 pH of solution

This section focuses on the role of acidity (pH) ©@aCQ precipitation under the magnetic field. Fig. 5
illustrates the increase of Cag@recipitation with increased the pH of solutiohisl occurs due to higher pH
which leads to the increase of the saturation dbtiem hence promoting CaGOprecipitation. CaC@
precipitation under the magnetic treatment is highan that non-magnetic treatment on every pHevakt in
the experiment. We conclude that magnetic treatmas significant effect in pH range of 6.4 to 8.
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Fig. 5. Percent CaCrecipitation of magnetic treatment (M) and nongmetic treatment (NM) at various pH
of solution during 30 minute circulation time an80Iminute precipitation processes.

Table 4 shows the increase of pH will increase G@afrecipitation. It can be seen on reduction noféase
percentage from 54.9 % at pH 6.4 to only 9 % at®Hhe same trend has also happened in 180 minute
precipitation in which 50 % at pH 6.4 reduces tdyol0.8 % at pH 8. CaCQsolution at high pH (highly
saturated solution) will accelerate the formatidnparticles or nuclei at early precipitation. Futmore
particles formed facilitate the crystal growth gmmdmotes the CaC{precipitation.

The formation of many CaGparticles in early precipitation suggest has gsigaut role on increase the next
precipitation. This process consequently reducestiagnetic effect. Lundager [12], [13] has foune similar
result and concluded that magnetic field acceldr&aCQ precipitation by promoting the transformation of
HCO; to CO* and it was followed by CaCGGspontaneous formation. HGQon species formed in the acid
solution (pH 6 - 7).

Table 4. CaCe@ precipitation at various pH of solution during &finute circulation time and 180 minute
precipitation processes.

CaCQ precipitation (% mol)
Circulation time at 30 min Precipitation time a018in
pH 6.4 pH 7.5 pH 8 pH 6.4 pH 7.5 pH 8
Magnetic 4.42 8.05 17.86 11.4 27.6 39.3
treatment (M)
Non-magnetic
Treatment (NM) 6.82 11.21 19.46 17.0 333 435
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Increase percentage

100 x (M — NM)/NM 54.3 30.3 9.0 50.0 20.8 10.8

4. CONCLUSION

This research explains the effect of magnetidfieh CaCQ@ precipitation, using static and dynamic
fluid systems. Magnetization of Cag®olution in static fluid system in pH range of 6.8 decreases CaGO
precipitation and increase Cag®ecipitation in pH 8.5 compared to non-magnegatment.

CaCQ precipitation will increase by increasing circudati time, flow rate, and pH of solution in
dynamic fluid system. Magnetization of Cag&dlution in dynamic fluid system increases Ca@f@cipitation.

The magnetic effect on dynamic fluid system isidated in increase percentage of CgCO
precipitation. Increase percentage of Ca@cipitation decreases from 100 % at 10 minuteutation time to
66,7 % at 30 minute circulation time. The increpsecentage also increases from 54.3 % to onlyveéh#n pH
of solution increases from 6.4 to 8. Increase peege of CaC@precipitation increases from 33.3 % at flow
rate 0.44 I/min to 54.3 % at flow rate 1.33 I/min.

The results suggest that the effects of magnetatrment on static and dynamic systems may occur in
different phenomena. In Static fluid system, maigniééld strengthens hydrate structure in magnetizms,
which reduce precipitation process. However, in afgit fluid system, Lorentz force and magneto-
hydrodynamic effect on charged ions or particlesy@t important role in increasing Cag@ecipitation.
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